Paris NON-UNION (or pseudarthrosis) of the fractured femoral neck can be divided into three main groups:
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(1) Those cases in which the fragments are normal, provided with an adequate blood supply.
In these, non-union is due to absence of treatment, lack of reduction or lack of immobilization. Union can be obtained by simple means, i.e. adequate reduction and fixation of the fracture even if this has been delayed for six months or more.
(2) Those cases where the proximal fragment is deprived by the fracture of its blood supply. Bony union can be obtained by adequate reduction and fixation but the necrotic femoral head is liable to collapse after weight-bearing even after bony union of the fracture has been obtained. This may occur many months or even years after union of the fracture.
(3) Cases where a second fracture occurs after the onset of the aseptic necrosis of the femoral head. For example, a trochanteric fracture united after nailing but one year later a spontaneous subcapital fracture occurred.
This second fracture occurred when the line of new blood vessels to the necrotic proximal fragment had reached the fragile subcapital region. Similarly on careful examination some radiographs of cases of non-union with displacement after treatment by nailing or screwing may show that the ununited fracture is proximal to the original one. Here one may be certain that the femoral head is necrotic and the pseudarthrosis a severe one.
About half of all the fractures of the femoral neck treated by the old conservative method of plaster immobilization resulted in bony union after accurate reduction; the remainder ended in fibrous union, sometimes firm, or non-union.
Operative fixation of this fracture gives successful bony union in about 55% within 3 months with a normal hip. About 20 % result in delayed union often with shortening of the femoral neck and late pain due to deformation of the femoral head. In about 10% early displacement of the fracture occurs and in 15 % late displacement occurs, generally due to a JUNE pathological fracture through the line of "creeping substitution." These last two groups of non-union are the most difficult to treat.
It is possible that causes other than faulty treatment or aseptic necrosis are responsible for non-union in fractures of the femoral neck. Harrold, 1959, has shown the presence of an anticoagulant substance in synovial fluid which prevents the formation of blood clot necessary for the development of callus.
Most writers consider that lack of adequate blood supply to the femoral head is the main cause of non-union in fractures of the neck of that bone. They believe that this is the chief factor influencing prognosis and the choice of operative procedure. On this assumption we have treated some cases with preservation of the femoral head and others by its removal. Results show that we have preserved some necrotic heads; possibly we have removed some living ones.
REVIEW OF CASES OF NON-UmON OF FEMORAL
NECK FRACTURES 306 cases have been reviewed, which include all those treated in the past fifteen years. Those few patients treated by Whitman's operation have been omitted. Other patients could not be traced or died shortly after operation. Excluding the above there are 226 cases available for study. The treatment for all patients was operative.
In 72 patients the femoral head was preserved; of these 18 were nailed, in 41 an osteotomy was carried out and in 13 an intra-articular operation.
In 134 patients the femoral head was removed and replaced by a prosthesis. In 20 an arthrodesis was performed. Nailing.-This can only be done after relatively recent injury where good reduction of the fracture can be obtained. In all of these reduction and fixation by a Smith-Petersen nail under radiographic control was the method used. In 8 patients a bone graft was also used.
These were all cases in which there had been no previous operative treatment and where it was considered that the femoral head was alive.
In 2 patients, where a bone graft was used with a nail, redisplacement occurred with fracture of the graft. In all other cases bony union was obtained. However, in 7 patients necrosis of the femoral head occurred, resulting in pain and deterioration of function. Addition of a bone graft to the nailing had no beneficial influence on the result.
Of these 1,8 patients with an ununited fracture four to thirteen months old, 11 had a practically normal hip when reviewed two to sixteen years after operation. Osteotomy.-Where there is fibrous union between the cervical part and a displaced femoral head this can be converted into bony union by an osteotomy with abduction and medial displacement of the shaft.. This gives support to the head and transforms the shearing forces into compression.
The technique used during the years 1940-4 was that of Putti's intertrochanteric type but with fixation by a nail and wire. As redisplacement of the femoral head sometimes occurred we changed our technique to fixation of the femoral head and osteotomy by a nail plate of the MacLaughlin type.
The failures are due to: (1) Early redisplacement of the femoral head, possibly due to insufficient abduction of the femoral shaft. (2) Late redisplacement or, more accurately, late collapse of the femoral head. This was the most common cause of failure. The femoral head kept its normal shape as long as it was ununited and therefore non-weight-bearing. When as a result of the osteotomy the femoral head becomes weight-bearing, collapse may occur, particularly if at that time new blood vessels are growing in from the femoral neck.
We considered that these failures might be due to fibrocartilage having developed over the fracture surfaces-thus obstructing the growth of blood vessels from the femoral neck into the head.
It seemed to us more logical to open the hipjoint, freshen the fractured surface of the femoral head and excise the upper surface of the femoral neck, so getting good stable contact. By this means there would be more likelihood of revascularisation, of the femoral head across the osteotomy site, with bony union. This operation was designed by us at the same time as Luck in the United States (Luck, 1938) . 16 patients were operated on by this technique. 12 have been followed up for two to seventeen years. Of these 12, 5 results were good, i.e. solid union, revascularization of the femoral head and a practically normal hip. In 7 cases there was collapse of the femoral head with recurrence of pain and limp. 4 of these patients were subjected to further operation. The high percentage of avascular necrosis-higher than that of nailing or simple osteotomy-may probably be explained by the intra-articular approach and manipulation of the femoral head. This would tend to destroy the few remaining patent blood vessels.
It is probably better to remove a large part of the bone of the femoral head (Brackett, 1927) -or all of it-leaving a cartilaginous shell (Moore, 1948) and insert the freshened stump of the neck into the cavity thus formed. One patient-a girl of 14 years with non-union after 2 bone grafting operations-was treated by Brackett's method. This gave an excellent result. Of the 72 patients operated on where the femoral head was preserved there were 27 failures-a failure rate of 37 5 %. The majority of these were due to aseptic necrosis of the femoral head.
The high percentage of failures following operations retaining the femoral head led many surgeons to devise other operations in which the necrotic or partially necrotic femoral head was removed.
They have advocated the insertion of a prosthesis or an arthrodesis of the hip. 15 patients were treated by various types of resection of the femoral head-these included Colonna' s method and Wilson's modification of this procedure covering the greater trochanter by a metal cup (Colonna, 1935; Wilson, 1947) .
Most of these hips became relatively painless; few are stable. Only a small percentage can be classified as good and such results were only obtained after months and sometimes years of post-operative treatment.
We consider that these procedures belong to the past and that much better results can be obtained by the use of a prosthesis in spite of their disadvantages and possible late complications.
We consider, however, that the Judet's type of prosthesis also belongs to the past. Where there is non-union with a short neck stump this prosthesis does not restore the length of the femoral neck. Too great pressure per surface Section of Orthopadics unit of the neck stump causes absorption of bone and loosening of the prosthesis, with subsequent pain and impairment of function.
Judet's prosthesis was used in 70 patients before 1951. 54 have been followed for three to eleven years (average five and a half years). The results were: Excellent 13%; good 30%; fair 18%; poor 39%. Thus more than 50% are failures. 7 out of 22 patients followed up for more than five years certainly can be classified as excellent results but 9 patients had to undergo a second operation-16-6%.
Since 1950 we have,discontinued the use of the cervical prosthesis (Judet type) and have used a cervico-capital acrylic prosthesis with a long intramedullary stainless steel stem. This type of prosthesis gives wider distribution on to the sound bone of the lesser trochanter and base of the femoral neck. However, as all but the intramedullary stem is made of acrylic there is still the risk of the absorption of small particles of this material into the surrounding tissues.
Acrylic has certain advantages over metal as it is softer, cheaper and easier to work. It is interesting to compare the results of this cervicocapital prosthesis with those of Judet's. This comparison might provide evidence as to the cause of bone absorption around the prosthesisis it due to the pressure of a foreign body, whatever the material, on the bones? 107 patients have had this cervico-capital prosthesis inserted for non-union or necrosis of the femoral head. 4 died during the first year, 17 were lost sight of and 3 cannot properly be included-1 because of a hemiplegia and 2 because of other lower limb fractures. 3 cases of post-operative infection have also been excluded.
There thus remain 80 patients followed up from two to nine years. There has been no fracture of the prosthesis but 9 fractures of the greater trochanter and 2 dislocations, of which one was successfully reduced. The late results are as follows: Excellent 29; good 35; fair 7; poor 9. This gives 80% satisfactory results and 20% unsatisfactory ones. However, 8 of these arthroplasties were done on failed "cephalic" arthroplasties. If we confine ourselves to primary arthroplasties followed up for four years or more, the comparison will be more significant. This gives a figure of 75% excellent and good arthroplasties where the cervicocapital prosthesis was used against 35 % with the old original type of cervical prosthesis.
There is, however, still some doubt as to the future of these patients. Careful examination of subsequent radiographs have shown in some cases bone absorption around the prosthesis, cysts in the acetabulum and abnormal bone sclerosis. Out of 59 primary arthroplasties these changes occurred in 7 (12%) and were progressive. None was seen before two years, between two and four years they were found in 17% of the patients, between four and six years in 22% and after six years in 38%. However, amongst 13 patients with radiological deterioration 6 still had a good, painless hip.
From the above figures it is evident that the cervico-capital prosthesis, due to more even distribution of pressure on the bone, gives better and more lasting results than those obtained from the early Judet's type. There may, however, still be the risk of clinical and radiological deterioration in all these patients where plastic material is used in the prosthesis. We are therefore now using Vitallium or titanium prostheses of the Austin Moore type more frequently. 17 such prostheses have been used by us in the last two years. So far the results have been satisfactory but we wonder if this hard metallic material will not result in undue wear on the acetabulum.
The use of prosthetic femoral heads is a great advantage in the treatment of ununited fractures of the femoral neck, particularly where there is extensive necrosis, enabling many patients to lead a nornal life unobtainable by other older methods. They are invaluable in elderly people who lead a quiet life and this is the chief age group with ununited fracture of the femoral neck.
In younger patients who will lead a more active life, arthrodesis when the femoral head is necrotic is a most valuable operation, but to obtain bony fusion is not easy. This operation was carried out in 20 patients-3 were failed arthroplasties, 3 failed osteotomies and 1 had been infected at a previous operation. Of these 20, bony fusion was obtained in 15 but 17 had excellent or good results, including 3 where the fusion was doubtful.
3 patients required two operations to obtain bony ankylosis.
In these arthrodeses the procedure followed was a postero-lateral incision, removal of the femoral head and freshening up of the acetabulum, femoral neck stump and greater trochanter. The tip of the trochanter was inserted into the upper part of the acetabulum and fixed by a nail or two screws. The remainder of the acetabular cavity was filled with chips obtained from the femoral head. Finally a tibial graft extending from the back of the greater trochanter to the ilium was fixed by screws. In 2 cases where there was no femoral neck stump a subtrochanteric osteotomy was also carried out, in 1 at the same operation and in 1 as a second stage. The position chosen was 20-degree flexion, neutral rotation and slight adduction, the last named being most important to avoid post-operative genu valgum.
Finally we consider that there are three operations from which to choose: (1) Osteotomy with nail plate, (2) cervico-capital prosthesis, preferably all metal, (3) arthrodesis.
Theoretically osteotomy is the best when the femoral head is alive; when it is necrotic a prosthesis should be used in old patients and, in the young, arthrodesis.
How can we determine whether the femoral head is alive? X-ray appearances can be misleading. Necrosis is probably present when redisplacement occurs after a correctly nailed or screwed fracture; it is certainly present when the line of pseudarthrosis (non-union) is proximal to the original fracture line. The femoral head may be alive when the non-union is due to nonreduction or insufficient fixation of the fracture.
Investigation by radio-isotopes, as described by Tucker (1950), Boyd and others, is still in the experimental state. Hulth (1958) has shown the possibility of demonstrating the vascularity of the femoral head by phlebography. We are investigating this method but have had too few cases to come to any conclusion.
As it is impossible to be sure whether a femoral head is alive in an ununited fracture, we carry out the following procedures: If late complications due to necrosis of the femoral head should occur after an osteotomy an arthrodesis or insertion of a prosthesis can always be carried out.
